Treatment with recombinant bovine somatotrophin (bST) 
Introduction
Several recent studies have demonstrated that treatment with recombinant bovine somatotrophin (bST) can enhance the development of ovarian antral follicles in cattle (Gong et al, 1991 (Gong et al, , 1993a De La Sota et al, 1993; Lucy et al, 1993a; Herder et al, 1994; see Webb et al, 1994; Pavlok et al, 1996) .
Although bST treatment was found to increase significantly the peripheral concentrations of somatotrophin, insulin-like growth factor I (IGF-I) and insulin (Gallo and Block, 1991; Gong et al, 1991 Gong et al, , 1993a De La Sota et al, 1993; Herder et al, 1994; Pavlok et al, 1996) , the mechanism underlying this effect of bST is still not fully understood. Both IGF-I and insulin, given alone or in combination with gonadotrophins, have been shown to have a profound effect on the proliferation and steroidogenesis of cultured bovine granulosa cells (Savion et al, 1981; Saumande, 1991; Gong et al, 1993b Gong et al, , 1994 Spicer et al, 1993; Gutierrez et al, 1995; see Spicer and Echternkamp, 1995) . However, whether somatotrophin has a direct effect on bovine ovarian follicles remains equivocal. Although an effect of bST on the proliferation and steroidogenesis of cultured bovine granulosa cells has been observed in some studies (Langhout et al, 1991;  Gong et al, 1993b , 1994 Sirotkin and Makarevic, 1996) , the expression of a bovine somatotrophin receptor could not be detected in bovine antral follicles (Lucy et al, 1993b) . Further¬ more, although no apparent long-term alterations in circulating concentrations of FSH and LH were observed in bST-treated heifers (Gong et al, 1991) , whether there is an acute effect of bST treatment on the secretion of gonadotrophins, like that reported previously in lactating dairy cows (Schemm et al, development to that observed in our previous studies (Gong et al, 1991 (Gong et al, , 1993a (Price et al, 1987) . The sensitivity of the assay was 0.13 ng ml" . The inter-and intra-assay CVs were 10.1% and 5.9%, respectively.
FSH. Peripheral FSH concentrations were measured using a radioimmunoassay developed in our laboratory (Gong et al, 1995) . The detection limit of the assay was 0.09 ng ml~.
The interassay and intra-assay CVs were 9.8% and 6.3%, respectively.
Statistical analyses
All the data are presented as means ± sem unless otherwise specified. The pulsatile profiles of LH measured in the serial plasma samples collected at 15 min intervals were determined using the Munro programme, as described by Veldhuis et al (1986) and Gong et al (1991 (Fig. 2) . However, no effect of bST treatment (P > 0.05) on either FSH or LH was observed. Therefore, the data from all four bST-treated groups were pooled for presentation. (Gong et al, 1993b (Gong et al, , 1994 (Gong et al, 1993b; Lucy et al, 1993b; Gong et al, 1994) . We found that the increase in the number of small follicles was observed only in animals with significantly increased IGF-I and insulin concentrations, but not in heifers with increased somatotrophin concentrations alone. Furthermore, the number of small follicles was positively correlated with both IGF-I and insulin concentrations, but not with somatotrophin concentrations. Additional support comes from a recent study (Gutierrez et al, 1997) , which demon¬ strated that increased dietary intake in heifers acutely enhanced the recruitment of small follicles, in association with signifi¬ cantly higher serum insulin concentrations (the increase is comparable with that following bST treatment) but lower circulating somatotrophin concentrations. However, the relative importance of IGF-I and insulin remains unclear. While it has been well-accepted that IGF-I is involved in the control of ovarian follicle development (see Spicer and Echternkamp, 1995) , the importance of insulin was demonstrated in vivv by Gutierrez et al (1997) who found that the increase in the number of small follicles was associated with an increase in peripheral concentrations of insulin, while circulating IGF-I concentrations appeared to remain unchanged..
In agreement with previous studies (Gallo and Block, 1991;  Gong et al, 1991 , 1993a Herrler et al, 1994; Pavlok et al, 1996) , and as expected, bST treatment significantly increased peripheral concentrations of somatotrophin, IGF-I and insulin. However, previous studies with lactating dairy cows found that bST treatment usually does not induce an increase in peripheral insulin concentrations (see Vernon, 1990; Gallo and Block, 1991; De La Sota et al, 1993) . As reported previously (Gong et al, 1991 (Gong et al, , 1993a Herrler et al, 1994) , the increase in circulating IGF-I and insulin concentrations was observed within 30 h of the increase in somatotrophin concentrations. However, unlike somatotrophin, IGF-I and insulin did not respond acutely to each bST injection, but remained at a constant high concentration after the initial increase (Gong et al, 1991 (Gong et al, , 1993a This study has also confirmed and extended previous data (Gong et al, 1991) showing that bST treatment does not affect the secretion of LH and FSH: neither (Adam et al, 1996; see Robinson, 1996) . In this and our previous studies (Gong et al, 1991 (Gong et al, , 1993a ), no effect of bST treatment on peripheral progesterone concen¬ trations has been observed. However, in studies by Schemm Robinson, 1996) .
Our results (Gong et al, 1991 (Gong et al, , 1993a However, the relative importance of IGF-I and insulin remains to be determined.
